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How can we explore differently, to the orbit of Neptune+?
Classical approach, with very sophisticated, high-yield missions with broad objectives

ÅNew Horizons, Voyager 1 & 2, and Pioneer 10 & 11are the only spacecraft to venture beyond 
{ŀǘǳǊƴΩǎ ƻǊōƛǘΦ 5 missions in 5 decades(1970 ς2020)

ÅEach weighed >250 kg (some >>250 kg), 

ÅCost >FY19US$300 M (most >>$300 M, 

ÅOperations teams with 10s of people (100s at peak).  

ÅRadioisotope power.  

Focused SmallSatapproach, very specific objectives

ÅLaunched as secondary payloads along with primary missions to the Outer Solar System,

ÅSolar powered,

ÅInspired by the CubeSat/SmallSatrevolution in small, low power electronics and miniature 
instruments, 

Å1/10th the cost* and mass, 

Å1% of the equivalent continuous power level and 

Å1 - 10% operations staffing of such missions today. 

ÅUse Jupiter swingbysto target different sectors of the outer Solar System.      
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*Cost information contained in this document is of a 
budgetary and planning nature and is intended for 
informational purposes only. It does not constitute a 
commitment on the part of JPL and/or Caltech. 
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Big challenges
ÅGetting to the inner Edgeworth-Kuiper Belt without radioisotopes for 

power or heat today is impossible (at least if you want to do anything 
ǳǎŜŦǳƭ ŀƴŘ ǎŜƴŘ ŀ ǎƛƎƴŀƭ ōŀŎƪΧύ

ÅAt 30 AU, ǎǳƴƭƛƎƘǘΩǎ ǇƻǿŜǊ ŘŜƴǎƛǘȅ ǇŜǊ ǳƴƛǘ ŀǊŜŀ ƛǎ 1/900th of the level 
at Earth.

ÅIt may be impossible for the next ten years, but we have an approach 
may work
ÅFor spacecraft <250kg
ÅWith simple, pre-programmed measurements
ÅVery limited maneuvers beyond Jupiter
ÅCapture and store energy from ambient sunlight
Å!ƭƳƻǎǘ ŜǾŜǊȅǘƘƛƴƎ άƻŦŦέ ŀƭƳƻǎǘ ŀƭƭ ǘƘŜ ǘƛƳŜ
ÅAll equipment able to run cold, e.g., -40 C (-40 F), some colder
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Enabled by inflatable dual function solar concentrator/high gain antenna
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Big inflatable spheres 
have been in space 
before:
Echo 1A, 1961
30.5 m diameter
0.2 um (0.5 mil) thick Mylar
71 kg, incl inflation gas 
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Inflatables demonstrated for another application

~5 m
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14 m

NASA/JPL/[ΩDŀǊŘŜ1997 in orbit
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DeployedParabolic Metalized Membrane Reflector, 
Torus, and OS4 Hub
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5 m
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Nicholas Bonafede/CalPoly-SLO, 2020/1
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Fresnel Element separates incident sunlight from telecommunications energy...
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